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SPECIFICATION 

[TITLE OF THE INVENTION] Amplifier-Type Solid State Image 

Pickup Device and Drive Method Thereof 

[ABSTRACT] 

[Theme] To provide an amplifier- type'solid state image pickup 
device which can reduce the dark current of a picture element 
and a drive method thereof. 

[Solution Means] Amplifier- type solid state image pickup 
device 10 which is arranged so that electric charges h are 
injected into interface 8 between the semiconductor surface 
and insulation film 9 of a picture element to suppress dark 
current, wherein, in a predetermined period within a horizontal 




repeating cycle, a means for injecting electric charges into 
the interface 8 is provided, and the electric charges are 
injected once every cycle which is a plurality of times of the 
horizontal repeating cycle. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An amplifier-type solid state image pickup device 
arranged so that electric charges are injected into an 
interface between a semiconductor surface and an insulation 
film of a picture element to suppress dark current, wherein 
a means for injecting electric charges into the interface in 
a predetermined period within a horizontal repeating cycle is 
provided, and 

the electric charge is injected once every cycle which is a 
plurality of times the horizontal repeating cycle. 
[Claim 2] An amplifier-type solid state image pickup device 
as set forth' in Claim 1, wherein the cycle of a plurality of 
times is set so that the sum of the amount of dark current caused 
by the operation to inject electric charges into the interface 
and the amount of dark current caused by the interface becomes 
minimum . 

[Claim 3] An amplifier-type solid state image pickup device 
as set forth in claim 1, wherein the plurality of times of the 
cycle is set to 2 through 10 times. 
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[Claim 4] A drive method for an amplifier- type solid state image 
pickup device, wherein electric charges are injected into an 
interface between an semiconductor surface and insulation film 
of a picture element in a predetermined period within a 
horizontal repeating cycle to suppress dark current, and 
the electric charge is injected once every cycle which is a 
plurality of times the horizontal repeating cycle. 

[Claim 5] A drive method for an amplifier- type solid state image 
pickup device as set forth in Claim 4, wherein the cycle of 
a plurality of times is set so that the sum of the amount of 
dark current caused by the operation to inject the electric 
charge into the interface and the amount of dark current caused 
by the interface becomes minimum. 

[Claim 6] A drive method for an amplifier- type solid state image 
pickup device as set forth in Claim 4, wherein the plurality 
of times of the cycle is set to 2 through 10 times. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The invention relates to an 
amplifier-type solid state image pickup device and a drive 
method thereof. 
[0002] 

[Prior Arts] In a CCD- type solid state image pickup device in 
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which buried channels are formed, in order to prevent the 
occurrence of dark current from the surface, holes or electrons 
are injected into the surface to fill the interface state. 
[0003] 

[Themes to be Solved by the Invention] A technique in which 
electric charges are injected into the surface to fill the 
interface state (hereinafter, referred to as electric charge 
injection) can also be applied to a certain kind of 
amplifier- type solid state image pickup device. For example, 
a solid state image pickup device is arranged so that a 
potential well area is formed within a substrate under the gate 
electrode of an MOS transistor, and into this potential well 
area, photoelectrically converted carriers are accumulated, 
whereby modulation of substrate bias is taken out as a signal. 
[0004] In such a type of amplifier- type solid state image pickup 
device, a device using an MOS transistor of the n-channel as 
a picture element is shown in Fig. 10. Also in the case of the 
p-channel, in the same manner, a solid state image pickup device 
can be constructed. 

[0005] Fig. 10B is a sectional view showing the structure of 
the semiconductor of the receiving element as a unit picture 
element, that is, the picture element MOS transistor 20. In 
this picture element MOS transistor 20, on p- type semiconductor 
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substrate 24 made from silicon, n-type semiconductor area 25 
and p-type semiconductor area 2 6 to be overflow barrier areas 
are successively formed, and on the surface of this p-type 
semiconductor area 26, so-called sensor area 28 consisting of 
a p-type semiconductor area whose density is higher than that 
of the p-type semiconductor area 2 6 is formed. Furthermore, 
on the sensor area 28, for example, ring-shaped gate electrode 
21 which is made from Si0 2 and can transmit light via gate 
insulation film 29 is formed, n-type source area 22 and drain 
area 23 are formed for signals inside and outside the 
ring-shaped gate electrode 21, respectively, and at the p- 
type semiconductor area immediately under drain area 23, 
n-channel stop range 27 to prevent signal electric charges 
accumulated under the gate from leaking to an adjacent picture 
element is formed. A plurality of the picture element MOS 
transistors 2 0 thus arranged are aligned in a matrix form to 
construct amplifier- type solid state image pickup device 30. 
[0006] In this picture element MOS transistor 20, as shown in 
Fig. 10B, light L transmitted through the ring-shaped gate 
electrode 21 is photoelectrically converted within the silicon 
semiconductor to generate an electron and hole pair, and the 
electric charge of one of the pair, that is, in this example, 
a hole h is accumulated in the potential well (see the potential 
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diagram of Fig. 11) formed in the p-type sensor area 28 under 
the gate electrode 21 as a signal electric charge. Modulation 
of substrate bias due to this electric charge (hole) h is taken 
out as a signal. That is, through the vertical selection line, 
when a high level potential (see the gate potential V g _ read of 
Fig.. 11) is applied to the gate electrode 21 and the picture 
element MOS transistor 20 is turned ON, channel current (that 
is, drain current) flows to the channels at the surface of the 
sensor area 28, and this channel current is modulated by the 
signal charge h, and therefore, this channel current is 
outputted through the vertical signal line connected to source 
area 22, and the amount of change due to modulation is regarded 
as a signal output. 

[0007] Fig. 8 is a circuitry diagram of an amplifier-type solid 
state image pickup device employing the capacity loading system, 
In this amplifier-type solid state image pickup device 3-0v a 
plurality of light receiving elements comprising a unit picture 
element (cell), that is, picture element MOS transistors 20 
are aligned on a matrix, the gate of each picture element MOS 
transistor 20 is connected to vertical selection line selected 
by vertical scanning signals (that is, vertical selection 
pulses) 0 V [0V!,... 0Vi, 0V i+1 , . . . ] from vertical scanning 
circuit 41 comprised of a shift resistor, and the drain is 
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connected to power source V DD/ and a source for each line is 
connected to each vertical signal line 43 . To the vertical 
signal line 43, via operation MOS switches 44, load capacity 
elements 45 for holding signal voltages (electric charges) are 
connected. The load capacity elements 4 5 are connected between 
the vertical signal lines 45 and ground potentials . At the gates 
of the operation MOS switches 44, an operation pulse 0 OPS is 
applied . 

[0008] To the vertical signal lines 43 between the sources of 
the picture element MOS transistors 20 and the operation MOS 
switches 44, via reset MOS switches 46 for resetting both of 
the load capacity elements 45 and vertical signal lines 43, 
reset bias voltage supply terminal 47 for supplying a reset 
bias voltage V RB is connected. To the gates of the reset MOS 
switches 46, a reset pulse 0 RST is supplied. 48 is a horizontal 
scanning circuit comprised of a~ 4 shift resistor, and this 
horizontal scanning circuit * 48 successively supplies 
horizontal scanning pulses 0H [0^, . . . 0H n , 0H n+1 , . . .] to the 
gates of the horizontal MOS switches 50 connected to the 
horizontal signal line 49. To the output terminal of the 
horizontal signal line 49, an output circuit (for example, a 
charge detector circuit) is connected. 

[0009] Fig. 9 is a circuitry diagram, corresponding to one 
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picture element of Fig. 8. In this amplifier- type solid state 
image pickup device 30, first, in a horizontal blanking time, 
before the operation period of the picture element MOS 
transistor, the vertical signal line 43 and load capacity 
element 45 are reset to a reset bias voltage V RB . That is, the 
reset pulse 0 RST and operation pulse 0 ops are supplied to 
simultaneously turn ON the reset MOS switch 46 and operation 
MOS switch 44. As a result, the initial voltage of the vertical 
signal line 43 and load capacity element 45 before the operation 
period of the picture element MOS transistor 20 is reset to 
the reset bias voltage V RB . 

[0010] Thereafter, the reset MOS switch 46 is turned OFF, and 
to the vertical selection line, for example, the vertical 
selection line 42 at the ith line, a selection pulse (t>V L is 
supplied. At this time, an operation pulse 0 OPS is continuously 
supplied, and the operation MOS switch 44 is in an ON condition. 
At this point, a signal voltage corresponding to one line of 
the selected picture element MOS transistor 20 at the ith line 
is held by each load capacity elements 45. That is, a signal 
voltage corresponding to the channel potential in accordance 
with the amount of signal charges (amount of holes) accumulated 
in the picture element MOS transistor 20 is held by each load 
capacity element 45. In the picture element reset period at 
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the last of the horizontal blanking period, for example, a 
substrate pulse 0 V SUB (not illustrated) is applied to the 
substrate, and signal charges accumulated in the picture 
element MOS transistors 2 0 are discharged to the substrate 
side . 

[0011] Next, the signal voltages held by the load capacity 
elements 45 are flown to the horizontal signal line 49 as signal 
charges by successively turning ON the horizontal MOS switches 
5 0 by horizontal scanning signals 0H [0H i; . . . 0H n , 0H n+1 , . . . ] 
from horizontal scanning circuit 48 within the horizontal 
scanning period, and the signal voltages are outputted as 
signal voltages via the output circuit. 

[0012] In the abovementioned amplifier-type solid state image 
pickup device 30, it has been demanded that dark current is 
suppressed to be as low as possible. The dark current is caused 
by two factors, that is, one is generation of hot carriers in 
the picture element MOS transistors, and the other is 
generation of an electron and hole pair at the interface at 
the gates of the picture element MOS transistors, that is, the 
interface between the gate insulation film and semiconductor 
surface. In the abovementioned amplifier- type solid state 
image pickup device 30, when the picture element transistors 
2 0 are turned OFF, minute current does not flow to the picture 
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element MOS transistors 20, and therefore, hot carriers are 
not generated. Therefore, dark current due to the generation 
of hot carriers does not occur. However, in a charge 
accumulation period (that is, a light receiving period) , the 
picture element MOS transistors 20 are in an OFF condition, 
and in this OFF condition, electric charges (electrons) cannot 
be injected into the surfaces of the gates of the picture 
element MOS transistors 20, and therefore, an electron and hole 
pair is generated, between them, the hole is accumulated in 
the sensor area 28, whereby dark current increases. 
[0013] In view of the abovementioned points, the object of the 
invention is to provide an amplifier-type solid state image 
pickup device, in which the dark current of the picture element 
can be suppressed, and a drive method thereof. 
[0014] 

[Means for Solving Themes] In the invention, electric charge 
injection between the semiconductor surface and insulation 
film of a picture element is carried out in a predetermined 
period within a horizontal repeating cycle in order to suppress 
dark current, and this charge injection is carried out once 
every cycle which is a plurality of times of the horizontal 
repeating cycle. 

[0015] Thus, by carrying out charge injection into the 
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interface once every cycle which is a plurality of times the 
horizontal repeating cycle, dark current caused by the 
interface is suppressed, and also, dark current caused by the 
operation to inject charges into the interface can be 
suppressed. 
[0016] 

[Preferred Embodiment] The amplifier- type solid state image 
pickup device relating to the invention is arranged so that 
electric charges are injected into the interface between the 
semiconductor surface and insulation film of an picture element 
to suppress dark current, wherein, in a predetermined period 
within a horizontal repeating cycle, a means for injecting 
charges into the interface is provided, and this charge 
injection is carried out once every cycle which is a plurality 
of times the horizontal repeating cycle. 

[0017] The — invention is constructed so that, in the 
amplifier- type solid state image pickup device, the cycle of 
the plurality of times is set so that the sum of the amount 
of dark current caused by the operation to inject charges into 
the interface and the amount of dark current caused by the 
interface becomes minimum. 

[0018] The invention is constructed so that, in the 
amplifier- type solid state image pickup device, the cycle of 
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the plurality of times is set to a cycle of 2 through 10 times. 
[0019] The drive method of the amplifier- type solid state image 
pickup device relating to the invention is arranged so that 
charge injection into the interface of the semiconductor 
surface and insulation film of a picture element to suppress 
dark current is carried out in a predetermined period within 
a horizontal repeating cycle, and also, charge injection is. 
carried out once every cycle which is a plurality of times of 
the horizontal repeating cycle. 

[0020] According to the invention, in the drive method of the 
amplifier- type solid state image pickup device, the cycle of 
the plurality of times is set so that the sum of the amount 
of dark current caused by the operation to inject charges into 
the interface and the amount of dark current caused by the 
interface becomes minimum. 

[0021] According to the invention, in the drive method of" the 
amplifier-type solid state image pickup device, the cycle of 
the plurality of times is set to a cycle of 2 through 10 times. 

[0022] Hereinafter, the embodiment of the invention shall be 
described with reference to the drawings. Figs.. 1 show an 
amplifier-type solid state image pickup device relating to the 
invention, which has the same picture element structure as in 
Fig. 10. That is, Fig. IB is a sectional view showing light 
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receiving elements as unit picture elements relating to the 
invention, that is, the semiconductor structure of picture 
element MOS transistor 11. 

[0023] In the picture element MOS transistor 11, a second 
conductive type, for example, n-type semiconductor area 5 to 
be an overflow barrier area and p-type semiconductor area 6 
are successively formed on a first conductive type, for example, 
p-type semiconductor substrate 4 made from silicon, and on the 
surface of the p-type semiconductor area 6, so-called sensor 
area 8 formed of a p-type semiconductor area whose density is 
higher than that of the p-type semiconductor area 6 is formed. 
Furthermore, on the sensor area 8, ring-shaped gate electrode 

1 which can transmit light via gate insulation film 9 made from, 
for example, Si0 2 , is formed, and at positions inside and 
outside the ring-shaped gate electrode 1, n-type source area 

2 and drain area 3 are formed, respectively, and in the p- 
type semiconductor area 6 immediately under the drain area 3, 
n-channel stop area 7 is formed to prevent signal charges 
accumulated under the gate from leaking to the adjacent picture 
element. A plurality of picture element MOS transistors thus 
arranged are aligned in a matrix form to comprise 
amplifier-type solid state image pickup device 10. The 
operations of the picture element MOS transistors 11 are the 
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same as those of the picture element MOS transistors 2 0 
mentioned above, so that overlapping description is omitted. 
[0024] In the present embodiment, in the picture element MOS 
transistor 11, electric charges, that is, in this embodiment, 
electrons are injected into the interface between the surface 
of the p-type sensor area 8 and the gate insulation film 9 in 
a charge accumulation period, for example, a horizontal 
effective scanning period of a horizontal repeating cycle (H) 
to suppress generation of an electron and hole pair at this 
interface. That is, a bias voltage is supplied to the gate 
electrode 1 by which the channel of the surface of the p-type 
sensor area 8 is turned on (that is, electrons are injected) , 
in other words, at least one of the source potential and drain 
potential is made lower than the channel potential, and 
electrons are injected into the channel from the source area 
2 or drain area 3 , whereby dark current caused by the interface 
is suppressed, and at this time, the source potential and drain 
potential are made identical to each other to prevent flowing 
of channel current, whereby occurrence of dark current caused 
by hot carriers due to the channel current flow, for example, 
is prevented. 

[0025] Fig. 2 shows the circuitry of the amplifier- type solid 
state image pickup device 10 relating to the present embodiment . 
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That is, this is an example of the circuitry which makes 
possible that charges are injected into the interface and the 
source and drain are set to an identical potential . Fig . 2 shows 
the circuitry corresponding to one picture element as Fig. 9 
described above. 

[0026] In the circuitry of Fig. 2, as in Fig. 9 described above, 
a plurality of light receiving elements comprising a unit 
picture element (cell), that is, picture element MOS 
transistors 11 are aligned in a line form, the gate of each 
picture element MOS transistor 11 is connected to the vertical 
selection line 42 selected by vertical scanning signals (that 
is, vertical selection pulses) 0 V [0V, ... <f)V if 0V i+1 , . . . ] , 
and the drain is connected to the power source V DD , and the source 
of each line is connected to the vertical signal line 43. To 
the vertical signal line 43, via operation MOS switch 44 
comprised of an n-channel MOS transistor, load capacity element 
45 to hold signal voltages (charges) is connected. The load 
capacity element 45 is connected between the vertical signal 
line 43 and a ground potential. To the gate of the operation 
MOS switch 44, an operation pulse 0 OPS is applied. 

[0027] Reset bias voltage supply terminal 47 to supply a reset 
bias voltage V RB is connected to the vertical signal line 43 
between the source of the picture element MOS transistor 2 0 



-15- 




and the operation MOS switch 44, via reset MOS switch 46 
comprised of, for example, an n-channel MOS transistor which 
resets both of the load capacity element 45 and the vertical 
signal line 43, that is, charges the source side parasitic 
capacity of the picture element MOS transistor. To the gate 
of the reset MOS switch 46, a reset pulse 0 RST is supplied. 48 
is a horizontal scanning circuit comprised of a shift resistor, 
and this horizontal scanning circuit 48 successively supplies 
horizontal scanning signals (that is, horizontal scanning 
pulses) 0H [ 0H X/ . .. 0 H n , 0H n+1 ,...] to the gate of the 
horizontal MOS switch 50 comprised of; for example, an n- 
channel MOS transistor connected to the horizontal signal line 
49. To the output terminal of the horizontal signal line 49, 
an output circuit (for example, a charge detector circuit) is 
connected. 

[0028] And, in the present embodiment, between the drain of 
the picture element MOS transistor 11 and the power source V DD , 
for example, first MOS switch 12 comprised of a p-channel MOS 
transistor is connected, and between the drain of the picture 
element MOS transistor 11 and the reset bias voltage supply 
terminal 47, second MOS switch 13 comprised of an n-channel 
MOS transistor to charge the parasitic capacity at the drain 
side of the picture element MOS transistor is connected. And, 
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to the gate of the first MOS switch 12, a drive pulse 0 PDSP is 
applied, and to the gate of the second MOS switch 13, a drive 
pulse 0 PDSN is applied. Herein, the relationship between the 
power source V DD and reset bias voltage V RB is V DD >V RB . 
[0029] Next, the operations of the circuitry of Fig. 2 shall 
be described. First, as generally described, as shown in the 
timing chart of Fig. 5, in the picture element MOS transistor 
11, with the exception of the horizontal blanking period which 
is not selected, that is, during the selected horizontal 
blanking period H BLK and horizontal effective scanning period 
(that is, standby period) T A , a vertical selection pulse 0 V 
is continuously applied to the gate, and the condition is in 
an ON condition. And, the operation to read-out the signal 
voltage in the picture element MOS transistor 11, that is, the 
signal voltage corresponding to a channel potential in 
accordance with the amount of signal charges (amount of holes) 
accumulated in the picture element MOS transistor 11 to the 
load capacity element 45 is carried out in the horizontal 
blanking period. That is, in a reset period T 1 before the 
reading-out period T 2 of the picture element MOS transistors 
11 during the horizontal blanking period H BLK , a reset pulse 
0 RST is supplied to turn ON the reset MOS switch 46, and at 
the same time, a operation pulse 0 0PS is supplied to the 
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operation MOS switch 44, whereby the load capacity element 45 

is reset to a reset bias voltage V R3 . 

[0030] 

Next, the reset MOS switch 48 is turned OFF, and during the 
reading-out period T 2 in which the operation MOS switch 44 is 
in an ON condition, the signal voltage of the picture element 
MOS transistors 11 is held by the load capacity element 45. 
After reading-out is finished, in the picture element reset 
period T 3 , a substrate pulse 0V SUB is applied to the substrate, 
and charges (holes) accumulated in the picture element MOS 
transistors 11 are discharged through the substrate. 
Thereafter, in a horizontal effective scanning period T A , 
signal charges corresponding to one line flow successively to 
the horizontal signal line 49 by the horizontal scanning pulses 
0 H [ 0 H x , . . . 0 H n , 0 H^, . . . ] and outputted. The above 
description concerns general operations. 

[0031] And, in the amplifier-type solid state image pickup 
device 10 in the present embodiment, by employing the circuitry 
of Fig. 2, current is prevented from flowing to the picture 
element MOS transistors 11 except for the reading-out period. 
An example of this drive timing is shown in Fig. 6. As shown 
in Fig. 6, in the reset period T x , drive pulses 0PDSP and 0 
PDSN are set to a high level, whereby the first MOS switch 12 
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is turned OFF, and the second MOS switch 13 is turned ON, and 
the reset pulse 0RST is set to a high level, whereby the reset 
MOS transistor 46 is turned ON, and the operation pulse 0 
OPS is set to a high level, whereby the operation MOS switch 
44 is turned ON. 

[0032] Thereby, the load capacity element 45 is reset to the 
reset bias voltage V RB , and at the same time, the parasitic 
capacity of the vertical signal line 43 at the source side of 
the picture MOS transistor 11 and the parasitic capacity of 
the wiring of the drain side of the picture element MOS 
transistor 11 are charged, and the potentials of the source 
and drain are reset to the reset bias voltage of the same 
potential . 

[0033] Next, in the reading-out period T 2 , to the gates of the 
first MOS switch 12 and second MOS switch 13, a low level drive 
pulse 0 PDSP and a low level drive pulse 0 PDSN are applied, 
respectively, whereby the first MOS switch 12 is turned ON, 
and the second MOS switch is turned OFF, and in addition, to 
the gate of the reset MOS switch 46, a low level reset pulse 
0 RST is applied, whereby the reset MOS switch 46 is turned OFF. 
Thereby, the signal voltage of the picture element MOS 
transistor 11 is held by the load capacity element 45. 
[0034] Next, after the operation MOS switch 44 is turned OFF, 
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the signal voltage held by the load capacity element 45 flows 
to the horizontal signal line 49 as a signal charge by turning 
ON the horizontal MOS switch 50 by the horizontal scanning 
pulses 0H [ 0H X , . . . 0H n/ 0H n+1 , . . . ] , and output ted as a signal 
voltage through the output circuit. Except for the reading-out 
period T 2 , the first MOS switch 12 is in an OFF condition, the 
second MOS switch 13 is in an ON condition, and the reset MOS 
switch 46 is in an ON condition. In this example, when resetting, 
since the source and drain of the picture element MOS transistor 
11 become similar in potential by the reset bias voltage V RB , 
although the picture element MOS transistors 11 are in an ON 
condition, current does not flow between the drain and source. 
Therefore , hot carriers are not generated, whereby dark current 
due to generation of hot carriers can be suppressed. In addition, 
the picture element MOS transistor 11 is made to be in an ON 
condition, and electrons are injected into the gate surface, 
whereby generation of an electron and hole pair at the interface 
is suppressed, and dark current caused by the interface can 
be suppressed. 

[0035] In the example of Fig. 5 mentioned above, the reading-out 
operation is carried out in the horizontal blanking period H BLK , 
and the phase for charge injection is set as the horizontal 
effective scanning period. In the phase for charge injection, 
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an unselected picture element is also turned ON, whereby the 
time for charges to fill the interface state becomes longer, 
whereby it is expected that dark current is suppressed further. 
[0036] In the case of an example of drive timing of Fig. 5, 
the unselected picture element is made to be in an OFF condition 
for each horizontal blanking period H BLK in which reading-out 
of the selected picture element is carried out. Thus, if the 
unselected picture element into which charges have been 
injected in order for the reading-out operation is turned OFF, 
the remaining charges injected into the channel area are 
accelerated by the electric field between the channel and 
source/drain when being discharged into the source/drain area, 
whereby hot carriers occur and this may cause dark current. 
[0037] A schematic view of this condition is shown in Fig. 7. 
When the picture element MOS transistor is in an ON condition, 
the potential of the channel is slightly higher than the 
potential of the source/drain area, and the potential 

difference between the channel and the source/drain area 
(corresponding to the electric field between them) increases. 
[0038] Therefore, when electrons e which have been injected 
into the interface are discharged, they are accelerated by the 
electric field to have great energy, and become impact-ionized, 
whereby holes h generate and cause dark current. 
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[0039] On the other hand, when the time period in which charges 
are injected is lengthened, since injection and discharge of 
charges are carried out a plurality of times, for example, if 
charge injection is carried out for every horizontal repeating 
cycle H as shown in Fig. 5, injection is carried out the same 
number of times as the number of the vertical lines, and 
therefore, to the contrary, occurrence of dark current 
increases. 

[0040] Therefore, in the present embodiment, the number of 
times charges are injected is reduced further to suppress 
occurrence of dark current. 

[0041] The present inventor confirmed that, by injecting 
electric charges into the interface between the sensor area 
8 and gate insulation film 9, even if the interface was depleted 
thereafter, the effect to suppress dark current caused by the 
interface continued for a period of approximately 2H through 
10H in terms of a unit of a horizontal repeating cycle H of 
several through several tens of ]i sec . Therefore, in the present 
embodiment, charge injection into the interface is not carried 
out for every horizontal repeating cycle H, but carried out 
at predetermined intervals, for example, carried out once 2H 
or once 3H so that the sum of dark current caused by hot carriers 
and dark current caused by the interface becomes minimum. 
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[0042] The conceptual view is shown in Fig. 4. In Fig. 4, the 
vertical axis shows the amount of occurrence of dark current 
as relative values, and the horizontal axis shows the frequency 
of charge injection, wherein the right end shows the case where 
charges are not injected, and the left end shows the case where 
charges are injected for every H. That is, at the right end, 
the interval of charge injection is infinite, and at the left 
end, the interval of charge injection is 1H. 
[0043] Since dark current (curve 15) caused by hot carriers 
is in proportion to the frequency of charge injection, dark 
current becomes maximum in the case where charges are injected 
for every H, and becomes zero in the case where charges are 
not injected. Dark current (curve 16) caused by the interface 
occurs much when charge injection is not carried out, and when 
charge injection is carried out for every H, it rarely occurs. 
The increase between the above cases is exponential. 
[0044] Therefore, the sum (curve 17) of the dark current caused 
by hot carriers and the dark current caused by the interface 
is calculated, and a charge injection frequency at which the 
sum becomes minimum may be employed. 

[0045] Since the effect to suppress dark current in accordance 
with charge injection one time continues up to approximately 
10H, although it depends on other conditions of the solid state 
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image pickup device, the charge injection frequency at which 
the total of dark current becomes minimum is approximately 1 
per 2H through 10H. Therefore, it is desirable that the interval 
of charge injection is set between 2H and 10H, approximately. 
[0046] Fig. 3 is an example of the drive timing relating to 
the invention, which shows the case where charge injection is 
carried out once every 2H,.' that is, once every a cycle which 
is twice the horizontal repeating cycle H. As for the picture 
element MOS transistors corresponding to one line, in the 
horizontal effective scanning period T A every other 1H, high 
level potentials of the vertical selection pulses 0V [0V 17 . . . 
0Vi, 0V i+1 , 0V i+2 ,...] are supplied to the gate electrodes 1 
of the picture element MOS transistors 11. 

[0047] Thereby, by suppressing dark current to be minimum, a 
solid state image pickup device with excellent performance can 
be constructed. 

[0048] Furthermore, in the above embodiment, the case where 
the reading-out operation is carried out in the horizontal 
blanking period and the phase of charge injection is defined 
as a horizontal effective scanning period is described, however, 
in addition, the invention can be applied to the case where 
the reading-out operation is carried out in the horizontal 
effective scanning period and the phase. of charge injection 
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is defined as the horizontal blanking period. Moreover, not 
limited to the amplifier- type solid state image pickup device 
of the above embodiment, the invention can also be applied to 
an amplifier- type solid state image pickup device such as a 
CMD. 

[0049] The solid state image pickup device of the invention 
is not limited to the abovementioned embodiment, but can be 
variously arranged without departing from the spirit of. the 
invention. 
[0050] 

[Effects of the Invention] According to the invention described 
above, electric charge injection into the interface in a 
picture element is carried out in a predetermined period within 
a horizontal repeating period to suppress dark current, and 
in addition, this charge injection is carried out once every 
cycle which is a plurality of times the horizontal repeating 
cycle, whereby both of the dark current caused by hot carriers 
due to the operation of charge injection and dark current caused 
by the interface are suppressed to lower the amount of dark 
current . 

[0051] Furthermore, since the interval of charge injection, 
that is, the cycle of a plurality of times is .selected as 
mentioned above, the total of the dark, current caused by hot 



-25- 




carriers and dark current caused by the interface can be 
suppressed to a minimum, whereby the amount of dark current 
can be suppressed to a minimum. Therefore, according to the 
invention, an amplifier- type solid state image pickup device 
with excellent performance and less dark current can be 
constructed. Also, the device can be driven so as to reduce 
dark current . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Figs. 1] Schematic constructional views of the embodiment of 
the amplifier-type solid state image pickup device relating 
to the invention . 
A: Plan view 

B: Sectional view along the A-A' line of Fig. 1A 
[Fig. 2] A circuitry schematic diagram corresponding to one 
picture element of the amplifier-type solid state image pickup 
device of Fig. 1. 

[Fig. 3] A drive timing chart of the amplifier-type solid state 
image pickup device of Fig. 1. 

[Fig. 4] A schematic diagram showing the relationship between 
the frequency of charge injection and the amount of dark amount . 
[Fig. 5] A comparative example of the drive timing chart of 
the amplifier-type solid state image pickup device. 
[Fig. 6] A timing chart of reading-out. of the capacity load. 
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[Fig. 7] A schematic diagram showing the condition of 
occurrence of dark current in accordance with the operation 
of charge injection. 

[Fig. 8] A circuitry diagram of the amplifier-type solid state 
image pickup device employing the capacity loading system. 
[Fig. 9] A circuitry diagram corresponding to one picture 
element of the amplifier-type solid state image pickup device 
of Fig. 8. 

[Fig. 10] schematic constructional views of comparative 
examples of an amplifier- type solid state image pickup device . 
A; Plan view 

B: Sectional view along the X-X' line of Fig. 10A 
[Fig. 11] A potential diagram in the vertical direction of the 

amplifier-type solid state image pickup device of Fig. 10. 
[Description of Symbols] 

1, 21: gate electrode, 2, 22: source area, 3, 23: drain area, 
4, 24: semiconductor substrate, 5, 25: overflow barrier area, 
6, 26: p-type semiconductor area, 7, 27: channel stop area, 
8, 28: sensor area, 9, 29: gate insulation film, 10, 30: 
amplifier-type solid state image pickup device, 11, 20: picture 
element MOS transistor, 12: first MOS switch, 13: second MOS 
switch, 41: vertical scanning circuit, 42: vertical selection 
line, 43: vertical signal line, 44: operation MOS switch, 45: 
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load capacity element, 46: reset MOS switch, 47: reset bias 
voltage supply terminal, 48: horizontal scanning circuit, 49: 
horizontal signal' line, 50: horizontal MOS switch, h: hole, 
e: electron, H BLK : horizontal blanking period, H: horizontal 
repeating period, T A : horizontal effective scanning period, 
T x : reset period, T 2 : reading-out period, T 3 : picture element 
reset period, V RB : reset bias voltage, L: light, V g _ read : gate 
potential 
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Circuitry diagram corresponding to one picture element of embodiment 
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Constructional view of amplifier-type solid state image pickup device 
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